PDB Reference: Ca 2+ -bound S100A2, 3n22.
Introduction
With 24 members, the S100 protein family constitutes the largest subgroup of EF-hand calcium-binding proteins Marenholz et al., 2004 Marenholz et al., , 2006 . These proteins are small acidic proteins with a molecular mass of 10-12 kDa that carry a modified S100-specific EF-hand motif at the N-terminus (14 residues) followed by a classical C-terminal EF-hand motif (12 residues) linked by a hinge region. Upon Ca 2+ binding, the majority of the S100 proteins undergo a major conformational change involving a 90 rotation of helix III of the C-terminal EF-hand. The movement of the helix opens the structure and exposes several hydrophobic residues to the solvent. These Ca 2+ -induced structural changes are required for target-protein recognition and binding. Most S100 proteins function as homodimers, but several S100 proteins also form heterodimers and larger oligomers; e.g. S100A8/A9 is tetrameric in the Ca 2+ -bound state (Korndö rfer et al., 2007) , S100A12 can form hexamers and we have recently reported an octameric form of S100B (Ostendorp et al., 2007) . The different S100 proteins are involved in the regulation of diverse cellular processes, including cell-cycle regulation, cell growth, cell differentiation and motility (Marenholz et al., 2004) . Accordingly, the dysregulation of S100 proteins is associated with severe diseases such as chronic inflammation, cancer and neurodegenerative and cardiovascular disorders. S100A2 is unique among the S100 proteins with regard to its predominant nuclear localization (Mandinova et al., 1998) . S100A2 was identified as a novel tumour suppressor in human mammary epithelial cells (Lee et al., 1991) . Further studies suggested that S100A2 binds and activates p53 in a calcium-dependent manner, linking the tumour-suppressing activities of S100A2 with p53, and implied positive regulation of p53 through S100A2 (Mueller et al., 2005; van Dieck et al., 2009; Fernandez-Fernandez et al., 2005 , 2008 . Besides Ca 2+ , S100A2 binds Zn 2+ with high affinity. In a recent study, we have shown that S100A2 contains two different Zn 2+ -binding sites involving Cys residues whereby the binding of Zn 2+ dramatically decreases the Ca 2+ affinity . The eight Cys residues per homodimer (194 amino acids) are solvent-exposed and oxidize rapidly, resulting in scrambled disulfide-linked protein (Koch et al., 2006) . Therefore, for structural studies we replaced all Cys residues by Ser and succeeded in crystallization and structure determination of the Ca 2+ -free protein (Koch et al., 2006 (Koch et al., , 2008 .
The X-ray structure and molecular-dynamics studies showed that the replacement of the Cys residues by Ser had no impact on the structure of Ca 2+ -free S100A2. In line with these data, Ca 2+ -affinity measurements of the Cys-to-Ser mutant revealed no major effect on the Ca 2+ affinity, showing that the function of the protein was not affected . The X-ray structure of the Ca 2+ -free protein provided detailed information on the inactive form of S100A2 (Koch et al., 2008) . In order to obtain insight into the Ca 2+induced structural changes required for recognition and binding of target proteins such as p53, we performed crystallization trials on S100A2 in the presence of Ca 2+ . Here, we report the crystallization of Ca 2+ -bound S100A2 and the structure determination of S100A2 using sulfur and calcium SAD. The data presented here show that highly redundant data sets recorded at wavelengths that are not assumed to be suitable for calcium/sulfur SAD can contain sufficient anomalous data for structure determination.
Material and methods

Protein expression and purification
In previous studies, we have shown that wild-type S100A2 is prone to oxidation and used a mutant in which all four Cys residues were replaced by Ser for crystallization of the apo form of the protein (Koch et al., 2006) . Structural and molecular-dynamics studies on this mutant showed that the Cys-to-Ser mutation is most likely to have no effect on the structure of S100A2 (Koch et al., 2008) . This Cys-to-Ser mutant protein was purified as described previously (Koch et al., 2006) . To summarize, the S100A2 Cys-to-Ser mutant was expressed in Eschericha coli BL21 (DE3) and purified by Ca 2+dependent interaction on a phenyl Sepharose Fast Flow column (100 ml, GE Healthcare) and size-exclusion chromatography on a Superdex 75 (26/60) column (GE Healthcare). The pure protein was concentrated to 20 mg ml À1 by ultrafiltration and aliquots were cryocooled in liquid nitrogen.
Protein crystallization
Prior to crystallization, the buffer was exchanged to 10 mM Tris-HCl, 20 mM CaCl 2 pH 7.6 on an NAP5 column and the protein concentration was adjusted to 15 mg ml À1 . Crystallization trials of Ca 2+ -bound S100A2 were performed by the sitting-drop or hangingdrop vapour-diffusion method. Initial crystallization trials were prepared using a Cartesian NanoDrop dispenser. For each crystallization solution, a series of three drops with different ratios were mixed and subsequently equilibrated by vapour diffusion against 100 ml of the crystallization solution in the reservoir. Each drop contained 200 nl protein solution and was mixed with 100, 200 or 400 nl crystallization buffer. Although the dispenser was able to produce 50 nl drops, we found that evaporation of water from the protein drop was too rapid within the timescale of plate preparation and drop mixing. We therefore chose a protein drop volume of 200 nl, which we found to be the best compromise between protein savings and reproducibility of the crystallization trials. Crystallization plates were incubated at 293 K. After 10 d small crystals appeared and the condition was refined using hanging-drop vapour diffusion, mixing 1 ml protein solution with 1 ml 0.1 M sodium acetate pH 4.0, 40% PEG 400 and equilibrating against 500 ml of the same buffer. Crystals of dimensions of up to 160 Â 160 Â 200 mm were observed after two weeks (Fig. 1a ). The crystallization conditions were similar to those structural communications Acta Cryst. (2010). F66, 1032-1036
Koch et al. S100A2 1033 Figure 1 (a) Crystal and (b) diffraction pattern of Ca 2+ -bound S100A2. The resolution at the image border is 2.5 Å . A detail of the diffraction pattern with spots at a resolution of up to 1.9 Å is shown on the right. 
for apo S100A2, which also contained acetate as buffer ion and PEG 4000 as precipitant. The pH of 4.0 for crystallization is close to the calculated pI of 4.7 for S100A2, i.e. the net charge of the protein will be rather low, which may contribute to successful crystallization (Kantardjieff & Rupp, 2004) . The preference for PEG for successful crystallization was a negative rather than a positive selection. Since Ca 2+ is present in the protein solution, any crystallization buffer containing phosphate, sulfate or tartrate will result in the formation of salt crystals and depletion of Ca 2+ from the protein. Therefore, crystallization buffers containing these ions were omitted from the initial screen. The high PEG 400 concentration was sufficient as a cryoprotectant for the Ca 2+ -bound S100A2 crystals. The crystals were cryocooled in a nitrogen cryostream at 100 K since direct freezing in liquid nitrogen led to breakage of the crystals.
Data collection and processing
Data collection was carried out on beamline X06SA of the Swiss Light Source (Villigen, Switzerland) using a MAR 225 Mosaic CCD detector (MAR Research). The diffraction data were processed with the XDS program package (Kabsch, 2010) . The crystals of S100A2 diffracted to high resolution using synchrotron radiation (Fig. 1b) and a complete high-redundancy data set was recorded to 1.3 Å resolution. To obtain complete data in the low-resolution range, an initial data set was recorded with a strongly attenuated beam and consisted of 500 images over a total ' of 500 and included the low-resolution data up to 2.2 Å resolution. A second data set was recorded from the same crystal over a ' of 180 and contained a high-resolution data set up to 1.3 Å resolution. Data statistics are given in Table 1 . The space group was determined as P3 1 21, with unit-cell parameters a = b = 84.62, c = 58.28 Å . Analysis of the solvent content revealed that two subunits were most likely to be present in the asymmetric unit. The solvent content of the asymmetric unit was calculated as 54.9%, with a Matthews coefficient of 2.73 Å 3 Da À1 . Analysis of the data revealed very good statistics. Despite the fact that the data were recorded at the short wavelength of 0.90 Å significant anomalous signal could be observed and the data were therefore regarded as being suitable for Ca 2+ /S SAD phasing. At this wavelength the anomalous contributions f 00 to the scattering factor are f 00 (Ca 2+ ) = 0.49 e À and f 00 (S) = 0.20 e À , resulting in an estimated anomalous signal (Hendrickson & Teeter, 1981) For comparison, Se SAD phasing with data collected at the peak of an SeMet derivative with scattering factor f 00 (Se) = 3.8 e À would result in an estimated anomalous signal of ÁF/F = 4.3%.
Results
Determination of the heavy-atom substructure
Analysis of the data sets using XDSSTAT (Diederichs, 2006) revealed that the crystal did not suffer from radiation damage during recording of the low-resolution data set, as indicated by a low R d over the course of data collection. The R d for the high-resolution data set increased significantly, indicating the accumulation of radiation damage, but the quality of the data was still regarded as sufficient for phasing. The mean redundancy was $35 for the resolution range between 8 and 2.5 Å but dropped sharply to 10 for data with higher resolution. The signal-to-noise ratio for the 8-2.5 Å resolution range was also high with a value of about 90 and, like the redundancy, dropped to lower values in the higher resolution range. The anomalous signal-to-noise ratios SN 1 and SN 2 calculated by XPREP (Bruker-Nonius) are regarded as good indicators of the quality of data used for heavy-atom substructure determination and phasing. As a rule of thumb, a value of 1.5 is assumed to be a reasonable indicator for a cutoff to truncate the data. The SN 1 and SN 2 values dropped sharply to below 1.5 at $2.2 Å but increased again at 1.9 Å (Fig. 2) . The minimum at 2.2 Å indicates the presence of ice perturbing the data quality, although no ice rings were observed in the diffraction images. We therefore decided to analyze the two data sets individually or combined and truncated at 1.8 Å resolution with SHELXD (Sheldrick, 2008) to determine a heavy-atom substructure.
The best results with satisfactory statistics were obtained when the combined data set was used and correct solutions were obtained with a high success rate of 225 correct solutions from 1000 trials. The solution revealed four sites with a high occupancy of between 1.0 and 0.8 and, after a sharp drop in occupancy, six sites with occupancies of between 0.36 and 0.22 and six further sites with occupancies between 0.18 and 0.14. Such a clear drop in occupancy is usually considered as a cutoff criterion to differentiate between heavy-atom sites and noise. The size of the asymmetric unit suggested that there is one S100A2 dimer in the asymmetric unit. The S100A2 dimer contains four EFhands, each of which binds one calcium ion. Considering the higher scattering factors of calcium, we expected four clear sites as well as six further sites with a relative lower occupancy for the S atoms of methionine. According to the scattering factors, the occupancies of the S atoms relative to the calcium ions were estimated as between 0.4 and 0.3. However, most of the sites with lower occupancies were below these values and a clear assignment to S atoms was not possible (Table 2) . Therefore, we used the 12 sites with the highest occupancies for phase calculations to make sure that the weak phase information of the S atoms was also exploited. The sites were used structural communications Acta Cryst. (2010). F66, 1032-1036
Koch et al. S100A2 1035 Table 2 Anomalous scattering by Ca 2+ and S in S100A2. jF obs j À jF calc j = P hkl jF obs j, where F obs and F calc are observed and calculated structure factors, respectively. ‡ A randomly selected 5% of reflections were excluded from refinement and used for the calculation of R free . Figure 3 (a) Initial experimental F obs map at 2.0 as calculated by SHELXE using the sites determined by SHELXD and phase extension to 1.3 Å . (b) The refined model of Ca 2+ -S100A2 is shown as a stick model overlaid with the initial experimental map. without further refinement for phase calculation and extension to 1.3 Å with SHELXE (Sheldrick, 2008) . The correct solution was identified by the high contrast of 1.07 versus 0.44.
Model building and refinement
The initial experimental map as calculated by SHELXE was of extraordinary quality, as shown in Fig. 3(a) , and was well suited for automatic model building and refinement by ARP/wARP (Langer et al., 2008; Perrakis et al., 1999) , which traced 172 of 194 residues. Subsequent alternating cycles of manual rebuilding were performed with the programs O (Jones et al., 1991) and Coot (Emsley & Cowtan, 2004; Emsley et al., 2010) and refinement was carried out using REFMAC5 (Murshudov et al., 1997 (Murshudov et al., , 1999 . In the last steps of refinement H atoms were added in riding positions. The refinement statistics are summarized in Table 3 . Fig. 3(b) shows the refined model with the initial experimental map (model coordinates and structure factors have been deposited in the Protein Data Bank with accession code 3n22). In order to clarify which sites identified by SHELXD (Sheldrick, 2008) arose from the anomalous signal of calcium and sulfur, the anomalous difference Fourier map was overlaid with the refined structure (Fig. 4) . The four highest peaks were clearly assigned to the calcium ions bound to the EF-hands. Five of the eight S atoms from methionine residues were also identified by SHELXD. Overall, the data clearly demonstrate that even at a wavelength of 0.90 Å and an anomalous signal of only 0.57% accurate phase information can be gained from high-quality diffraction data from crystals diffracting to atomic resolution.
The financial support of the Deutsche Forschungsgemeinschaft to GF (DFG FR 1488/5-1; FR 1488/3-1) is gratefully acknowledged. C trace of the final S100A2 model. Methionine residues are shown as sticks, with SG atoms as yellow spheres. The calcium ions are shown as red spheres. At 0.90 Å the anomalous signal of calcium is $2.5-fold stronger than that of sulfur. The heavy-atom substructure was determined with SHELXD and the anomalous difference Fourier map as calculated by SHELXE is shown at 8 in bright green around the Ca 2+ ions and at 3.5 in dark green around the S atoms. The phases for the anomalous difference Fourier map were calculated from the final model. This figure was generated with PyMOL (DeLano, 2002).
